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ABSTRACT

The Department of Defense’s Naval Research Laboratory (NRL) has been tasked by the Strategic
Environmental Research and Development Program (SERDP) to study environmental viability of the
storage of dredged materials, sewage sludge, and municipal incinerator fly ash in the abyssal plains of
the ocean floor. Abyssal Plains Waste Isolation (APWI) is the term given by this project to the storage
of waste in the abyssal plains. Oceaneering Technologies (OTECH) has been tasked by the NRL to
assess waste handling technologies regarding engineering feasibility and reliability.

The first step in assessing waste handling technologies as to engineering feasibility and reliability is to
identify top level or system level requirements that will have to be met by any APWI technology
considered. .

Sources of APWI system level requirements are environmental regulations, physical and chemical
characteristics of the waste streams (dredged materials, sewage sludge, and municipal incinerator fly ash),
weather/site conditions, and standard references for ocean going vessels. A literature search of each of
these sources was performed. The information extracted from these various sources was placed into the
categories of handling, transportation, and emplacement. System level requirements were then derived
from the information contained in the sources mentioned above.
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PREFACE

This report presents the system level requirements for candidate waste handling technologies regarding
Abyssal Plains Waste Isolation (APWI) of dredged materials, sewage sludge, and municipal incinerator
fly ash.
S

In the development of these system level requirements, Oceaneering examined existing environmental
regulations, physical and chemical properties of the waste streams, weather and site conditions, and
existing regulatory constraints on vessels. These sources were chosen because they cover all major areas
that may place design constraints on whichever technology is chosen and give broad based system level
requirements to use in the evaluation of candidate technologies. The information presented in this
systems requirements report used as criteria for the evaluation of abyssal plain isolation technologies.

OTECH’s information on system level requirements, and evaluation of APWI candidate technologies,
including a cost estimate, will be used by the Naval Research Laboratory for its study of the advantages,
disadvantages, and economic and environmental viability of storing these waste streams on the abyssal
sea floor. The Naval Research Laboratory is simultaneously collecting information on environmental
characteristics of abyssal plains, selection of emplacement sites, establishing baseline (physical, chemical
biological and geological) characteristics of a suitable area, preparing a monitoring program, and
conducting an economic analysis of the deep ocean isolation concepts.

This research was funded under contract number N00014-94-C-6009. Dr. Philip Valent (NRL) is the
Principal Investigator and Mr. Martin Fagot is the COTR at NRL for this project.
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1.0 SUMMARY

Oceaneering Technology’s (OTECH’s) role in the study of Abyssal Plain Waste
Isolation is to assess candidate waste handling technologies regarding
engineering feasibility and reliability.

The Naval Research Laboratory (NRL) has been tasked by the Strategic Environmental Research and
Development Program (SERDP) to study the environmental viability of the storage of dredged materials,
sewage sludge, and municipal incinerator fly ash in the abyssal plains of the ocean floor. Oceaneering
Technology’s (OTECH’s) role in this study is to assess candidate waste handling technologies regarding
engineering feasibility and reliability.

In the first step of assessing waste handling technologies OTECH identified top level or system level
requirements that will have to be met by any candidate technology considered. System level requirements
were derived from:

Environmental regulations

Waste stream physical and chemical properties
Environmental conditions encountered from port to site
Site characteristics

General regulatory design constraints for vessels

These sources were chosen because they cover all major areas that may place design constraints on any
systems solution and/or applicable technologies.

All applicable environmental regulations were converted to a logical flow diagram to illustrate the
relationship between regulations and to create a road map of all relevant decision steps applicable to both
hazardous and nonhazardous waste. This flow diagram facilitated the identification of essential steps
necessary for incorporation into a viable Abyssal Plains Waste Isolation Methodology. This flow diagram
was utilized as the foundation for all derived environmental regulatory system level requirements
regarding handling, transportation, and oceanic emplacement. These system level requirements must be
met either by designing to these standards or assuming that certain laws will be modified. System level
requirements derived from environmental regulations are significantly larger in number than all other
categories of system level requirements combined.

Oceaneering Technologies independently researched database sources of waste stream properties and .
correlated our findings and waste stream parameter values with those found by NRL. These results from

the two independent investigations will be combined to establish a best estimate for waste stream values.

Physical and chemical properties of the waste streams led to general system level requirements with

respect to handling, transport and emplacement of these wastes in their normal states.
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Oceaneering Technologies utilized the CD ROM version of the "Atlas of the World" to research seastate
and wind magnitudes at the candidate Abyssal Plain Waste Isolation sites to assess the potential
operational availability versus the system design capabilities. In addition, based on a previous study
utilizing a large in-house data base developed for a U.S. Navy contract, OTECH established worst case
current versus depth values. Correlation to Abyssal Plains Waste Isolation proposed sites indicates
satisfactory design margins of safety. Weather requirements and environmental conditions expected at
five potential emplacement sites led to system level requirements to maximize the average number of
operating days and survivability if unexpected conditions arise. Current velocities expected at site led
to system level requirements with respect to accuracy of emplacement. Temperature, abyssal depth
pressure and distance from port to site also led to design requirements.

Existing standard regulations for oceangoing vessels led to straight forward regulatory design constraints
regarding different vessel types.

OTECH believes that with the research done to date, all significant system level requirements have been
identified. These system level requirements will be applied to candidate waste handling technologies to

assess their viability and to select the optimal waste handling approach.
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2.0 INTRODUCTION

Oceaneering Technologies (OTECH) has employed a systems engineering
approach to identify system level requirements for candidate waste handling
technologies.

The Strategic Environmental Research and Development Program (SERDP) tasked the Naval Research
Laboratory (NRL) to study advantages, disadvantages and environmental viability of storing waste in the
abyssal plains of the ocean floor also referred to as Abyssal Plains Waste Isolation (APWI). The wastes
to be studied in this investigation are dredged materials, sewage sludge and municipal incinerator fly ash.
The Naval Research Laboratory (NRL) was selected by SERDP to conduct these studies of APWI because
of their capabilities to conduct a broadly based program of scientific research and advanced technological
development directed toward new and improved materials, equipment techniques, systems, and related
operational procedures for the Navy. NRL has six objectives of assessing the storage of waste in the
abyssal plains.

1. Identify environmental characteristics of abyssal plains which affect suitability for waste
isolation;

2. Select abyssal plain areas possessing these characteristics;

3. Assess candidate waste handling technologies as to engineering feasibility and reliability;

4, Develop a survey plan to obtain a baseline of the ‘physical, chemical, biological, and

geological characteristics of a suitable area;
5. Prepare a monitoring program; and
6. Conduct an economic analysis of the deep ocean isolation concepts.
Oceaneering Technologies (OTECH) has been tasked by NRL to assess candidate waste handling

technologies as to engineering feasibility and reliability, which is objective number three above. OTECH
has further broken down the task into three tasks.

1. System Requirements
2, Technical Analysis
3. Cost Estimate

This report deals only with task number one, system requirements. The purpose of the system
requirements effort is to find and document applicable assumptions and requirements used to evaluate
potential concepts. Since system level requirements must be met by all potential concepts, these
requirements will be used to drive the detailed concept design.

3
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System level requirements with regard to APWI are constraints placed upon a system by environmental
regulations, physical/chemical properties of waste handling, volumes of waste, environmental conditions
encountered from port to site, site characteristics, and general regulatory design constraints for vessels.

Literature searches were the primary means of identifying system level requirements. Literature searches
for this project were simplified by an in-house CD ROM system used for environmental regulations and
weather/site conditions. By using key word and title searches, a large amount of information was
managed in a limited time. Physical and chemical properties of waste streams were researched at the
University of Maryland using their automated card catalog system. This also allowed key word and title
searches. In-house copies of general design constraints of vessels helped make convenient the research
on this topic.

After literature searches were completed and appropriate documents were reviewed, information pertinent
to APWI systems were extracted from these documents. Environmental specialists and system engineers
translated regulatory language into quantitative engineering requirements. These derived requirements
were broken down into preparation, transportation, and emplacement categories and are found in the
RESULTS AND DISCUSSION section of this report. A summary of this systems engineering technical
approach is shown in Figure 1. The shaded area includes information presented in this report and shows
how these systems level requirements will be used in the next part of the study.
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3.0 METHODS, ASSUMPTIONS, AND PROCEDURES

Based upon in depth reviews of environmental regulatory requirements, physical
and chemical properties of waste streams, weather requirements from port to
site, site conditions, and existing vessel regulations, information relevant to
Abyssal Plain Waste Isolation was extracted and organized to ease the selection
of System Level Requirements.

3.1 ENVIRONMENTAL REQUIREMENTS:

Environmental requirements were researched by performing key word and title searches on CD ROM,
collecting and reviewing copies of documents and obtaining cross references. The following cumulative
list of source material for researching environmental regulations was obtained:
u 40 CFR Protection of the Environment
49 CFR Transportation
46 CFR Shipping
29 CFR Labor
33 CFR Navigation and Navigable Waters
Marine Protection, Research and Sanctuaries Act (MPRSA)
Resource Conservation and Recovery Act (RCRA)
Clean Water Act
58 FR 9248 Standards for the Use and Disposal of Sewage Sludge
MIL-HDBK-1005/8 Domestic Wastewater Control -
Technical Notes from US Army Corps of Engineers Environmental Effects of Dredging

For the purpose of research on this project it is assumed that the 1988 Ocean Dumping Ban Act
Amendment of MPRSA will be amended to accommodate deep ocean isolation of waste streams.

Regulatory information pertaining to handling, transportation, and oceanic emplacement were extracted
from these documents. The extractions from different regulations were grouped into categories of
handling, transport, and emplacement and placed in procedural order. This began with 40CFR and
followed the flow of logic tracing cross references until the regulations told the entire story and gaps
between information closed. A simplified flow diagram was created to show the general flow of these
regulations. See Figure 2. Each block of the simplified diagram was broken down in much greater detail
and is shown in a fold-out D size drawing (drawing # DM-103175) presented in Appendix B.

The detailed flowchart is meant to be used as a tool from which system level requirements can be.
derived. Because regulations are periodically updated, amended, created, or clarified, this document is
evolutionary in nature and was created with forethought that it would undergo revision. Each block of
information is a separate ASCII text file, that was incorporated in an AutoCad Version 12 Drawing. This
allows for quick modifications of the format/layout or editing/insertion of text. The flowchart
presents the complicated subtle intermeshing of different environmental regulations written by

6
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different agencies in different decades pertaining to this subject. This drawing allows one to see, at a
glance, how different regulations tie together and assembles information buried in different regulations
in procedural order.

3.2 WASTE STREAM CHARACTERISTICS:

We began our research of properties with definitions of the three waste streams the system will have to
handle.

Dredged Material - As defined in 40CFR 227.13, "Bottom sediments or materials that have been dredged
or excavated from the navigable waters of the United States. Dredged material consists primarily of
natural sediments or materials which may be contaminated by municipal or industrial wastes or by runoff
from terrestrial sources such as agricultural lands."

Sewage Sludge - As defined in 40CFR 257.2, "Sewage sludge means solid, semi-solid, or liquid residue
generated during the treatment of domestic sewage in a treatment works. Sewage sludge includes, but
is not limited to, domestic septage, scum or solids removed in primary, secondary, or advanced
wastewater treatment processes; and a material derived from sewage sludge. Sewage sludge does not
include ash generated during the firing of sewage sludge in a sewage sludge incinerator or grit and
screenings generated during preliminary treatment of domestic sewage in a treatment works."

Municipal Incinerator Fly Ash - Defined in 40CFR 240.101, Fly ash (suspended particles, charred paper,
dust, soot, and other partially oxidized matter carried in the products of combustion) remaining after the
incineration of municipal solid waste (normal residential and commercial solid waste generated within a
community).

Using these three waste streams as key words in a CD ROM search, and a search in the University of
Maryland’s computerized card catalog, the following list of source material was gathered:

u CRC Handbook of Environmental Control volumes I and III (Bond, 1973)
n NATO ASI Series - Sludge Characteristics and Behavior (Carberry, 1983)
= Commission of European Communities - Methods of Characterization of Sewage Sludge

(Casey, 1983)

S8FR 9248 Standards for the Use and Disposal of Sewage Sludge

Military Handbook 1005/8 Domestic Wastewater Control

Standard Handbook for Civil Engineers (Merritt, 1983)

Incineration and Combustion Processes. Applications in Environmental Engineering
(Niessen, 1978)

n Water Resources and Environmental Engineering (Peavy, 1985)

Information regarding the physical properties, chemical properties, annual volumes generated, and any
other information relevant to handling transporting and oceanic emplacement of these three waste streams
was extracted from these documents. The most important physical and chemical properties of the waste
streams regarding engineering system level requirements are: :

Specific gravity
Solid content
Particle size
Organic constituents
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] General chemical composition
u Gas production

Specific gravity shows the ratio of the density of the waste stream to the density of pure water at 20
degrees Celsius. This is an important mechanical property for the design of containment, handling, and
transport. The solid content in the waste streams have a large impact on the handling of the waste. Solid
content will drive the design of the containment, transfer including the pumping system, and method of
emplacement. Solid content also impacts the economics; the lower the solid content of a waste stream,
the more water is being transported. In other words, fewer trips to the site will be required to transfer
the same amount of waste stream if the solids content is higher. Particle size has an effect on the amount
of plume generated at the time of emplacement and the amount of time it takes for that plume to settle
out. The amount of organic material does not impact design requirements, but is very important because
it directly affects the oxygen content at the abyssal emplacement site. If the percentage of carbon or
organic material is very high, then there is a good chance the emplacement site will become anoxic. A
knowledge of the general chemical composition of the waste streams is required to flag possible trouble
regarding percent organic composition or a possible pollutant in the waste stream. In sewage sludge the
amount of gas produced by living organisms is an important issue because of the possibility of ignition
or explosion. The characteristics expanded upon above have the most impact or place the most
limitations on a system. Other properties researched were volatile material content, insolubility in water,
loss on ignition, energy needed to burn one pound, and pH. Variabilities in the values of these physical
and chemical properties are expected. These waste streams are source specific and properties can vary
greatly from site to site; and at one site values can vary in time. The amount and type of pretreatment
undergone by these waste streams can also vary.

3.3 SITE INFORMATION AND WEATHER CONDITIONS:

Weather conditions, currents, and bottom topography were researched for the list of five candidate sites
provided by NRL. Research of these site conditions was performed on a CD ROM version of the US
Navy’s Marine Climatic Atlas of the World. From this atlas, information pertaining specifically to
environmental conditions from port to site and site conditions were extracted. Weather conditions were
translated into sea state which combines wind and current conditions; seastates are widely used as a
reference. These seastates were researched to quantify the upper limit for routine operations and also to
dztermine the greatest seastate the system would have to survive if caught unexpectedly by a "100 year"

storm. Temperature ranges the system would have to encounter, abyssal depth pressures, and distances

from port to site were also researched. Data on current velocities from the sites was extracted and
compared with known values of worst case currents expected.

3.4 EXISTING STANDARD VESSEL REGULATIONS:
The following in house copies of standard regulations for ocean going vessels were gathered:

American Bureau of Shipping

33 CFR Navigation and Navigable Waters
40 CFR Protection of the Environment
46 CFR Shipping

49 CFR Transportation
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= Safety of Life at Sea (SOLAS)
= American Petroleum Institute (API RP2A)
u Interface Standard for Shipboard Equipment (DOD STD-1399).

Requirements pertinent to this project were extracted from these documents. These identified design
requirements were selected as typical system level requirements for any ocean going system.

10




4.0 RESULTS AND DISCUSSION

OTECH has identified a set of sixty-nine environmental regulatory requirements
Jor hazardous and nonhazardous material for the Abyssal Plain Waste Isolation
of waste streams. In addition, eleven top level system performance and
operational requirements have been established as a result of supporting
engineering analyses.

4.1 ENVIRONMENTAL REGULATIONS:

Table 1 lists the environmental regulations and gives section numbers that contain applicable information
pertinent to handling, transportation, and oceanic emplacement. Table 1 also gives section numbers that
contain specific information on dredged sediments, sewage sludge, and municipal incinerator fly ash.
From these sections listed in Table 1, the extracted information was placed in procedural order of
handling, transportation, and emplacement. The flowchart in Appendix B (drawing # DM-103175) in
this report shows this procedural relationship. This flowchart shows a distinction between hazardous and
nonhazardous waste regarding handling and highway/vessel transportation, but no distinction in the
regulations between hazardous and nonhazardous waste with regard to methods of oceanic emplacement.
In other words, in applying for an ocean disposal permit, hazardous and nonhazardous waste will be
judged by the same criteria. The regulatory flowchart was used as a tool to derive system level
requirements. These sixty-nine derived system level environmental regulatory requirements pertaining
to handling, transportation, and oceanic emplacement are listed in Appendix A.

Derived system level requirements regarding hazardous materials include:

® Preparation and packaging

® Personnel training and safety
® Transportation

® Loading and stowage

If the material is not hazardous, derived system level requirements are geared towards spill/leak
prevention and broken down by waste stream.

Derived system level requirements for oceanic emplacement that must be met by both hazardous and
nonhazardous waste include

® Permitting procedures

® Evaluation criteria for permits

m Site selection

® Site management, monitoring, recordkeeping, and reports

11
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4.2 WASTE STREAM PROPERTIES:

Compiled results from the research on the physical and chemical characteristics of the three waste
streams are listed in Table 2. Apparent in the table, candidate waste systems must be able to handle,
transport, and emplace wastes exhibiting a wide range of properties. Some of the wide ranges that
will have to be addressed when designing a system are:

w Specific gravity

® Solid content

® Percent volatile matter in solids
= Particle sizes.

Another design constraint that will have to be considered in system design is methane gas production
by microorganisms in sewage sludge.

Annual quantities generated of the three waste streams are listed in Table 3. The total number of
waste generated annually is listed in the middle column. The right column lists volumes of waste
estimated for disposal by APWI. Annually 400 million metric tons of material is dredged, but only
5% or 20 million metric tons is contaminated (EPA, 1993). APWI will only handle the contaminated
sediments; "clean” sediments have other beneficial uses such as beach nourishment. By converting
the dry weight of sewage sludge to wet metric tons assuming an average of 20% solid content (Table
2), an annual volume of 26.5 million wet metric tons is calculated. The volume of sewage sludge
applicable to APWI will be the total annual volume which is 26.5 million wet metric tons. In a
recent Supreme Court decision (City of Chicago et al vs. Environmental Defense Fund, May 2,
1994), all municipal incinerator fly ash will be susceptible to testing for hazardous materials. Since
all municipal incinerator fly ash is potentially hazardous, the total annual volume (1.5 million metric
tons) is applicable to disposal by APWI.

Since sewage sludge is only slightly heavier than seawater, it is recommended that it be mixed with
fly ash to obtain a nominal specific gravity of 1.25, similar to dredged material. Sewage sludge at
20% solids has a slurry specific gravity of 1.04; fly ash at 85% solids has a slurry specific gravity of
2.04. To obtain a nominal slurry specific gravity of 1.25, four parts sewage sludge will be added
with one part fly ash:

4X1.04 +1X2.04)/5 =124

Although the total annual quantity of sewage sludge is far greater than four times the amount of fly
ash, the coastal states have the heaviest concentration of incinerators making this ratio obtainable in
those areas. For the Port of New York vicinity, if a fifty mile radius is examined, the ratio of
sewage sludge to fly ash is 5:1. If the radius is expanded to 100 miles for fly ash, the sewage sludge
to fly ash ratio is 3:1 (Berenyi and Gould, 1993) and (EPA, 1992 (based on 47 dry lbs/sewage sludge
/person/day)).

Ribbon blenders, which are hoppers with a heavy shaft and paddles, can be used to mix sewage
sludge and fly ash at the port.
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Physical and Chemical Properties

Dredge Material Sewage Sludge Fly Ash
Specific Gravity 1.25 1.04%%*x* 2.04
(By Weight)
% Solid Content 32% 20%* 85%
% Volatile Material in Solids | varies 60-80% (raw)

30-60% (digested)

% Organic 10% 35-80% ** <1-15%
% Insoluble in Water 90-95% <.3%
% Ignition Loss .8-16%
Size of Particles silt 3.9-63.5um 1-1000um

sand 625-2,000um
gravel 2,000um

Composition sand, silt, & other 55% elemental C 50% SiO,
sediments. (range of
contaminants varies
w/source)
Energy/ 11b. 6,000-12,000 n/a
BTU/Ib (raw)
3,000-6,000
BTU/Ib (digested)
pH n/a 5-8
Misc Odor/pathogens,

Gas production***

* Location of Water %:
The 80% water is
Adsorption/Internal

** 35% if digested.

Table 2

***Gas Analysis
Methane 0-75%

***e*ESewage Sludge
and Fly ash can be
mixed to obtain a
specific gravity of 1.25

Physical and Chemical Properties
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ANNUAL QUANTITIES OF WASTE STREAMS GENERATED

WASTE TOTAL QUANTITY OF WASTE || TOTAL QUANTITY OF WASTE

STREAM GENERATED APPLICABLE TO APWI
(MILLIONS OF METRIC TONS) || (MILLIONS OF METRIC TONS)

DREDGED 4000 209

MATERIAL

SEWAGE 5.3 (DRY )®,©® 26.59,9

SLUDGE 26.5 (AT 20% SOLID)

INCINERATOR 1.59 1.5

FLY ASH

1 1) Marine Policy Center, Woods Hole Oceanographic Center, 1991.

(2)  Environmental Protection Agency, 1993.

(3) Based on 47 dry Ibs sewage sludge/person/day at 20%.
(4) Berenyi and Gould, 1993.

(5) Zarba, 1989 Table 3
Annual Quantities of Waste Streams Generated

4.3 WEATHER/SITE REQUIREMENTS:

Current profile versus bottom depth (based on a 500 data point data base) is shown in Figure 3. This
figure summarizes the worst case envelope of maximum expected current anyplace in the world.
NRL- supplied data for bottom current at the five designated Abyssal Plains Waste Isolation sites is
overlaid on this figure, identified as A-E in the legend. Figure 4 shows the location of the five Deep
Ocean Isolation sites proposed by NRL. Distances to these sites from the ports to be used are shown
in Table 4.

In Figure 5, the relationship between Operational Availability versus Seastate Limitations is shown.
Operational Availability is defined as the days per year a system is capable of performing normal
operations. Seastates were drawn from standard tables incorporating wave height with sustained
winds. Figure S illustrates the difference in operational days of a system when allowed to operate in
conditions up to seastate four versus seastate five. The number of days per year each site is at
seastate four and below was counted; the same was done for seastate five. The number of days for
seastate four and five at the five sites were converted into annual availability percentages shown on
Figure 5. By calculating the average for the five sites, 69% availability is obtained when the system
is designed to operate in seastate five versus 57% if only allowed to operate in seastates four and
below. Seastate five is chosen as the upper limit for equipment operations because it gives a
significant advantage in operational availability and it is already a standard for open ocean operations.
For surviving unexpected weather conditions, the system will be built to survive seastate eight
conditions without the loss of equipment. The operating temperature ranges and pressures at abyssal
depths are also system level requirements; these values are discussed in SECTION 4.5. The system
level requirements with regard to weather/site conditions are also discussed in Section 4.5 under the
category of Environmental.
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PORT TO SITE TRANSITING DISTANCES (IN NAUTICAL MILES)

PORT

Boston

New York
Philadelphia
Baltimore
Norfolk
Wilmington, NC
Charleston
Savannah
Jacksonville
Port Canaveral
Miami

Mean Distances

PORT

Tampa
Gulfport
Galveston
Brownsville

Mean Distances

PORT

Anchorage
Valdez
Kodiak

Port Angeles
Seattle
Vancouver
Portland

San Francisco
Port Hueneme
Los Angeles
San Diego

Mean Distances

ATLANTIC SITES
DISTANCE TO SITE

28°N.70°W

864.3146 (1600.7km)
787.3392 (1458.2km)
757.9052 (1403.6km)
751.8251 (1392.4km)
625.9416 (1159.2km)
553.2456 (1024.6km)
588.1374 (1089.2km) -
624.9712 (1157.4km),
625.3720 (1158.2km)
559.7861 (1036.7km)
560.6048 (1038.2km)

663.6  (1229.0km)

GULF SITE
DISTANCE TO SITE
25°N.93.5°W
619.0176 (1146.4km)
397.6445 (736.4km)
267.1648 (494.8km)
218.7925 (405.2km)

375.7 (695.8km)

PACIFIC SITES
DISTANCE TO SITE

33.5°N, 124°W
1939.891 (3592.7km)
1869.668 (3462.6km)
1854.179 (3443.9km)
878.188 (1626.4km)
851.155 (1576.3km)
730.366 (1352.6km)
726.554 (1345.6km)
269.242 (498.6km)
241.403 (447.1km)
286.592 (530.8km)
343.382 (635.9km)

540.9 (1001.7km)

Table 4

Tabulation Candidate Port to Site Transiting Distances
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27°N,61°W

1045.739 (1936.7km)
1044.659 (1934.7km)
1045.842 (1936.9km)
1071.944 (1985.2km)
980.8830 (1816.6km)
975.0280 (1805.8km)
1042.159 (1930.1km)
1089.693 (2016.8km)
1102.974 (2042.7km)
1042.399 (1930.5km)
1032.479 (1912.2km)

1043.1 (1931.8km)

35°N,134°W
1686.535 (3123.5km)
1637.793 (3033.2km)
1553.116 (1876.4km)
917.936 (1700.0km)
920.164 (1704.1km)
820.161 (1518.9km)
815.810 (1510.9km)
583.467 (1080.6km)
731.287 (1354.3km)
782.072 (1448.4km)
845.628 (1564.9km)

802.1 (1485.5km)
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4.4 EXISTING REGULATIONS FOR VESSELS:

Research from standard regulations for ocean going vessels led to regulatory design constraints
regarding different vessel types. Requirements were researched for self powered vessels, surface
barges, submersible barges, moored platforms, and associated equipment. These regulatory design
constraints are straight forward and led to general system level requirements from sources listed under
Design Requirements in Section 4.5.

4.5 SYSTEM PERFORMANCE/OPERATIONAL REQUIREMENTS:

Table 5 lists general performance and operational requirements that any candidate waste handling
system must meet. The following rationale was used to derive these values. The numbered items

below correspond with the numbers on the table.

la. System Capability: 2.5 Million Metric Tons/Yr. per Port. From Table 3, the total U.S.
waste stream quantity applicable to APWI is approximately 48 million metric tons/year.
Distributing this quantity evenly over the 22 major U.S. port cities, the average waste stream
per port is approximately 2.5 million metric tons/year. Given that many ports will vary from
the average, this transfer rate is considered to be more of a design goal than a firm requirement.
However, it gives general guidance to the engineering effort regarding basic equipment sizing/
capacity. This value may be modified during the concept definition phase of the engineering
study effort. '

1b. <1000 Nm Transiting Distance from Coastal Ports. This value is a core requirement for this
study.

lc. System Capability: No Exposure of Waste Stream Products to the Intervening Water
Column, Including Leakage and Spill Prevention Design Features. This is considered to be a
mandatory requirement. Inability to meet this requirement eliminates any candidate system
concept from further consideration.

1d. System Capability: Static Electricity Dissipation Design Features. Safety considerations and
vessel regulations dictate that means be incorporated into the APWI system to assure adequate
grounding between the vessel and dockside facilities, and/or the vessel and emplacement
facilities. Dangerous levels of static charge can be developed as a result of processing plant
connectivity and/or material flow through conductive transfer lines.

le. System Capability: Validation & Verification IAW TBD. Specific requirements for
validation and verification will be established as a result of the detailed APWI system concept
definition(s) for any of the candidate system approaches. The need for validation and
verification will be as a result from a determination of engineering or developmental risk.

1f. System Capability: Range Safety Design Features IAW TBD. Similar to Validation &
Verification.
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SYSTEM PERFORMANCE/ OPERATIONAL REQUIREMENTS

System Capability:

2.5 Million Metric Tons/Yr. per Port

Maximum Transiting Distance to Atlantic; Gulf; or Pacific APWI Sites from any
Coastal Port <1000 nautical miles (1852km)

No Exposure of Waste Stream Products to Intervening Water Column, including
Leakage & Spill Prevention Design Features

Static Electricity Dissipation Design Features

Validation & Verification IAW TBD

Range Safety Design Features IAW TBD

Transiting Speed: 6.2 m/s (12 knots), Minimum
Operational Depth: 6700 Meters, Maximum
Emplacement Accuracy: <500 m.sq.
Reliability: MTBF > TBD

Maintainability: MTTR < TBD

Environmental:

Operational: Sea State 5 Conditions

Survivability: Sea State 8§ Conditions

Currents: <0.78 m/s (1.50 knots) on Surface; <0.39 m/s (.75 knots) on Abyssal Sea
Floor

Hydrostatic Pressure: <6.2 X 107 Pa (9000 psig)

Temperature: 0 Deg. C to 49 Deg. C

Waste Stream Compatibility: (Non-Hazardous)
Contaminated Dredge Sediments: 32% Solids by Weight

b. Sewage Sludge: 20% Solids by Weight

e

o an o

Municipal Fly Ash: 85% Solids by Weight

Design Requirements:

American Bureau of Shipping

Code of Federal Regulations 33, 40, 46 & 49 CFR
Safety of Life At Sea (SOLAS)

American Petroleum Institute API RP 2A

Interface Std. for Shipboard Equipment, DOD STD-1399

Table 5
System Performance/Operational Requirements
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7a.

7h.

Tc.

7d.

Te.

8.

9.

Transiting Speed: 6.2 m/s (12 Knots), Minimum. A best estimate for achievable transiting

speed is 15 knots for "large" capacity self-propelled bulk carriers, and approximately 12 knots
for integrated tow barge/scow configurations. The 12 knots is a conservative value selected to
account for typical ocean-going tugs that might be employed for an APWI candidate system.

Operational Depth: 6700 Meters, Maximum. This value provides a 10% margin vs
designated APWI site locations, and reflects typical capability of Navy and commercial ROV
work vehicles to operate at equivalent depths. The submersible portions of the system will be
designed to withstand pressure at this depth.

Emplacement Accuracy: <500 Meters Square. The goal of emplacement accuracy is to
minimize the active disposal area. Based upon Oceaneering’s deep ocean experience, a 500 m X
500 X 500 m target at 6700 m depth is a practical target for guided and unguided payload
emplacement.

Reliability: MTBF > TBD. Figures of Merit for system reliability (mean time between
failure, MTBF) will be established as part of the detailed concept definitions.

Maintainability: MTTR > TBD. Figures of Merit for system maintainability (mean time to
repair, MTTR) will also be established as part of the detailed concept definitions. Determination
of both the MTBF and MTTR allows a prediction of the system operational availability (A) =
MTBF/(MTBF + MTTR).

Environmental: Operation in Seastate 5 Conditions. System design concepts must be capable
of operation under seastate 5 conditions. As noted in Figure 5, any reduction in capability would
result in a significant reduction in the available number of operational days, by 25 to 50%
dependant upon the site location. Deep water operations in seastate 5 conditions are typical of
current Navy and commercial operating limits.

Environmental: Survivability in Seastate 8 Conditions. This is required for open ocean
operations, far from shore, and reflects the inability of candidate systems to "run for cover.”

Environmental: Current <0.78 m/s (1.5 Knots) on Surface, and <0.39 m/s (0.75 Knots)
on Abyssal Sea Floor. These values for currents are based upon 500 data points, which identify
worst-case conditions scattered around the world’s oceans.

Environmental: Hydrostatic Pressure <6.66 X 107 Pa (<9700psig). Refer to requirement 3.

Environmental: Temperature 0 Deg. C to 49 Deg. C. This temperature range reflects typical
operating temperature extremes for Navy and commercial ROV handling systems and work
platforms.

Waste Stream Compatibility: (Non-Hazardous). The selected values reflect source levels, with
the higher values where indicated, showing the potential dewatering values.

Design Requirements: As Listed, for any new or modified ocean-going equipment. This
equipment. This equipment must meet established standards for design, fabrication and
operation.
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5.0 CONCLUSIONS

A conservative set of system level requirements were identified. Candidate
waste handling systems must be able to adhere to these requirements while
handling the three waste streams. These requirements are applicable to all
waste streams, providing extremely low or no risk of contamination between
port and final emplacement.

System level requirements were derived from literature searches of environmental regulations,
physical and chemical characteristics of the three waste streams, weather conditions from site to port,
site conditions, and existing vessel design constraints.

5.1 ENVIRONMENTAL REGULATIONS:

Environmental regulations pertinent to APWI were extracted from:
m 40 CFR Protection of the Environment
49 CFR Transportation
46 CFR Shipping
29 CFR Labor
33 CFR Navigation and Navigable Waters
Marine Protection, Research and Sanctuaries Act (MPRSA)
Resource Conservation and Recovery Act (RCRA)
Clean Water Act
58 FR 9248 Standards for the Use and Disposal of Sewage Sludge
MIL-HDBK-1005/8 Domestic Wastewater Control
Technical Notes from US Army Corps of Engineers Environmental Effects of Dredging

These extracted regulations were placed in procedural order with respect to handling, transportation,
and emplacement in Appendix B (drawing # DM-103175). Sixty-nine environmental regulatory
system level requirements were derived from the text blocks of the flow diagram (Appendix B).

Although regulations were written by different agencies at different times, they flow together in a
logical and consistent manner. Relationships between the different regulations is shown in this
flowchart. By placing the environmental regulations in the flow diagram, it is shown that both
hazardous and nonhazardous waste are judged by the same criteria in the permitting process for
oceanic emplacement. Primary design constraints are being driven by this permitting approval
process. Derived system level environmental regulatory requirements were significantly larger in
number than all other categories of system level requirements combined. To date, no inconsistencies
in regulatory information have been discovered.
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5.2 WASTE STREAM CHARACTERISTICS:

Physical and chemical properties of dredged material, sewage sludge, and municipal incinerator fly
ash were extracted from reference material. These waste streams are very source specific. This
means that from location to location values of these physical and chemical properties will vary
greatly. Some differences in physical and chemical properties of these waste streams can be
accounted by differences in the properties in the raw waste stream before treatment. The chemical
and physical properties of these wastes also vary greatly over time in the same location. These
variances are caused by different sewer designs and sewage treatment technologies available for
municipalities, different types of municipal solid waste incinerators, and different dredging methods
used. Another reason for the variances in values is geographical differences in the raw materials that
make up these wastes. Components of raw sewage vary greatly by location. Communities or cities
produce different solid wastes from one another. When solid wastes with different properties are
burned, the ash produced will vary in properties. Types of sediments present in bodies of water in
different locations will yield dredge material with varying properties. Over time in the same location,
materials can vary. Sewage sludge varies over time. Municipal incinerators may lose some
efficiency or the solid waste over time changes with development of new technologies to package
products. Dredged materials taken from the same location may vary for reasons such as an industrial
plant closing (elimination of a pollution point source) or a construction of a dam resulting in a change
in a river’s current. Since the physical and chemical property values of these three waste streams
varied in the reference material because of reasons expanded upon above, all values were taken into
account and expressed in range form in the Physical and Chemical Properties table (Table 2) in the
RESULTS section. System level requirements with respect to materials handling were taken from
values in this table. NRL is addressing the variability in physical and chemical properties of these
three waste streams by assigning average values for these properties to base system level design
requirements.

5.3 WEATHER/SITE CONDITIONS:

Average weather conditions, current conditions, pressure at depths of emplacement, and temperatures
were considered for the five emplacement sites selected by NRL and the ports from which the waste
streams will be collected. Baseline values selected for operational and survivability system level
design requirements based on weather and current conditions, expressed as sea states, are within
norms already established for open ocean operations. The submersible portions of the system will be
designed to withstand pressure at abyssal depths. The system will also be designed to prevent failure
in high or low temperatures and to transit the large distances from ports to the emplacement sites.

5.4 VESSEL DESIGN CONSTRAINTS:

Performance operational requirements and regulatory design constraints are baseline parameters within
norms previously established for existing cargo transport.
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5.5 SUMMARY:

Based on the system level requirements from environmental regulations, physical and chemical
properties of the waste streams, weather and site conditions, and existing vessel design constraints,
the implementation of design assumptions will be conservative by complying with these top level
system requirements. These requirements are applicable to all waste streams, providing low risk of
contamination between port and final emplacement. This design will also provide the most realistic
and cost effective solution regarding waste streams and percent solids content.
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APPENDIX A
DERIVED ENVIRONMENTAL REGULATORY REQUIREMENTS
HAZMAT: (Preparation & Packagin

1. Use of approved containers if material is ignitable/ flammable, corrosive, reactive or toxic, per
49 CFR 172.101, or 171.8.

HAZMAT: (Personnel

1. HAZWOPER per 29 CFR, 1910.120e for Personnel Training.
2. Written Safety & Health Program requirements, per 1910.120b.
3. Personnel Site Analysis & Control requirements, per 1910.120c.
4. Personnel Exposure to Hazmat requirements, per 1910.120d.

5. Medical Surveillance Program requirements, per 1910.120f,

6. Personnel Work Practices & Protective Equipment requirements, per 1910.120g.
7. Site Monitoring Program per 1910.120h, as necessary.

8. Informational Program per 1910.120i.

9. Container Handling requirements per 1910.120j.

10. Decontamination IAW requirements per 1910.120k.

11. Site Illumination and Sanitation requirements per 1910.120m/n.
HAZMAT: (Transportation to Port

1. EPA ID# per EPA form 8700-12.

2. Manifest IAW 40 CFR 262.20, and EPA form 8700-22.

3. Container Marking IAW 49 CFR 172.300, Subpart D.

4. Container Labeling IAW 49 CFR 172.300, Subpart E.

5. Vehicle Loading, General, IAW 49 CFR 177.834.

6. Vehicle Loading, Specific, IAW 49 CFR 177.835/.842.

7. Segregation & Separation IAW 49 CFR 177.848.

28




S

[

LR ]

i

[

Foermmnt ]

)

0
B

8.

APPENDIX A

Disabled Vehicle/ Accident Procedures IAW 49 CFR 177.853/.861.

HAZMAT: (Loading, Stowage & Carriage Aboard a Vessel, General)

1.

2.

3.

Shipping Papers IAW 49 CFR 176.24.
Certificate IAW 49 CFR 176.27.

Dangerous Cargo Manifest IAW 49 CFR 176.30.

HAZMAT: (Loading, Stowage & Carriage Aboard a Vessel, Containerized

1.

4.

General Stowage requirements IAW 49 CFR 176 Subpart C, if vessel freight container/ barge
possesses fixed fire extinguishers.

Segregation/ Separation IAW 49 CFR 176.83.

Special Requirements for Barges IAW 49 CFR 176.95/ .98.

0 176.96 requires steel construction

0 176.97 prohibits dump scows with hoppers, and bottom or side dump features

0 176.98 permits "under deck” stowage of materials per Col. 10 of Hazardous Materials Table
172,101, (if using unmanned barge)

Specific Loading and Stowage requirements IAW 49 CFR 176 Subparts F-O.

HAZMAT: (Loading, Stowage & Carriage Aboard a Vessel. Non Containerized

1.

2.

3.

Solid Hazmat Cargoes Bulk Transport IAW 46 CFR 148.01-9..

U.S.C.G. Special Permit for Materials Not Listed, IAW 46 CFR 148.01-.09.

Rules for Identiﬁcation" of Incompatible Hazmat/ Carrying in Bulk IAW 46 CFR Part 150.
Liquid Hazmat Cargoes Bulic Transport IAW 46 CFR 151.0, Using Non Self-Propelled Vehicles.
U.S.C.G. Special Permit for Materials Not Listed, IAW 46 CFR 151.05.

U.S.C.G. Commandant Approval for Vessels of Novel Design and/or Conversion, IAW 46 CFR
Part 151.

Certifications and Inspection of Unmanned Barges Carrying Liquid Hazmat Cargoes IAW 46
CFR 151.04.

Liquids Transport Minimum Requirements IAW 46 CFR 151.05.
Cargo Segregation, Tanks, Piping, and Venting IAW 46 CFR 151.13, and .15.
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APPENDIX A
10. Cargo Transfer, Tanks, Piping, and Venting IAW 46 CFR 151.20.
11. Cargo Protection/ Environmental Control Requirements IAW 46 CFR 151.25.
12. Portable Fire Extinguishers, if Required per 151.05, IAW 46 CFR 151.30.
13. Operations Requirements for Barges Certified as Tank/ Cargo Barges IAW 46 CFR 151.45.
14. Special Requirements for Certain Bulk Hazardous Material Cargoes IAW 46 CFR 151.50.

OCEANIC EMPLACEMENT

1. MPRSA 1401b/c U.S. Regulatory Policy for Transportation from U.S. of Materials for Ocean
Dumping.
o 1988 Amendment (Ocean Dumping Ban) after Dec.,31, 1991
0 MPRSA Section 1411 prohibitions unless permit, for transport and dumping

2. Clean Water Act U.S. Regulatory Policy for Permitting of both Dredged materials and Sewage
Sludge, as listed in 40 CFR.
o Sewage Sludge banned with 1988 MPRSA Amendment
0 56 FR 9248 for Sewage Sludge standards (no current EPA)

3. London Dumping Convention, Annex I, II,& III (Prohibited, Restricted and Allowed)
o Currently no restrictions/ requirements for abyssal plains

PERMITTING

1. Permit processing for Dredged Material IAW 33 CFR 209, with information provided in 40 CFR
225.2.

2. Permit processing for Sewage Sludge & Fly Ash IAW 40 CFR 220.4 with information-provided
in 40 CFR 221.1.

PERMITTING EVALUATION CRITERIA

1. Evaluation Criteria for granting of permit IAW 40 CFR Part 227.

o Environmental Impact IAW 227.4

o Prohibited Compounds IAW 227.6 (Other than Trace Quantities)

o Limitations re Containment; Disposal Rate & Quantity IAW 227.7:
--Non soluble constraint
--Radioactive constraint
—Etiological constraint (e.g.—"new species")
—High alkalinity or acidity constraint

2. Limitation of Permissible Concentration IAW 227.27. / Limitation on Permissible Quantity IAW
227.9.
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APPENDIX A

Waste & Site Non-Interference with Navigation and Fishing IAW 227.10.
Containers Designed to Rupture/ Leak on Impact, acceptable with constraints IAW 227.6/.10.

Other Containers IAW 227.11:

o Contained materials decay/ decomposition at rate > container

0 Only short term local effects if containers rupture

0 Placement location and depth cause no threat to navigation, fishing, shorelines and/or beaches

Waste Stream/Container Materials IAW 227.12:

0 < Trace limiting concentrations .

o Settleable/ with particle size and density sufficient for maintaining deposit stability
o Persistent inert synthetic materials must remain in place on the sea floor.

Need for Ocean Dumping IAW 227.15:

o Degree of waste pretreating

o Risks/ Impact & Cost vs alternatives

0 Associated raw materials manufacturing processes

EPA Administrative Considerations IAW 227.16:
o Consideration of possible improvements to proposed method(s) vs cost/ environmental impact
and permit duration

Esthetic Recreational & Economic Impact Assessment IAW 227.17.

Other Uses of Ocean Impact Assessment IAW 227.20:

o Commercial and recreational fishing

0o Commercial and recreational navigation

o Exploitation of living and non-living marine resources

PERMITTING SITE SELECTION

1.

Site Selection IAW 40 CFR 228.5:

0 General requirements IAW 228.5

o Specific requirements IAW 228.6:
--Sewage sludge and fly ash require no additional permits
--Dredge material requires site specification/ mat’l permits

Dredge Material Site Specification/ Permits IAW 40 CFR 230.10:
o Practicality vs cost of alternatives

0 Meets evaluation criteria

o Incorporates steps to minimize adverse effects IAW 230.70

Factual Determinations IAW 40 CFR 230.10, for Effects:
o Biological
o Physical
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APPENDIX A
o Geological

4. Dredged Material Evaluation & Test IAW 40 CFR 260 Subpart G:
o Threshold concentrations IAW Table 1 of National Prospective of Sediment Quality

MANAGEMENT/MONITORING/RECORDS & REPORTS

1. Management/ Monitoring/ Records & Reports IAW 40 CFR Part 228:
o Disposal site management responsibility
o EPA Region oversight IAW 40 CFR 228.3

2. Monitoring requirements IAW 228.9:
o EPA evaluation IAW 228.10

3. Records Keeping IAW 224.1:
o Physical & chemical characteristics
o Time & location of dumping
o Other conditions required by the permit

4. Reports IAW 224.1:
0 30 Days prior to six month intervals
0 30 Days prior to permit expiration
0 Any incidence of emergency dumping

NON-HAZARDOUS: (Fly Ash; Sewage Sludge & Dredged Material)

1. Fly Ash Residue to be Drained of Free Moisture and Transported to Prevent Loads from
Shifting, Falling, Leaking or Blowing from Container IAW 40 CFR 240.206-3b.

2. Methods for Loading Sewage Sludge for Transport IAW MIL-HDBK-1005/8.
o Elevated storage hopper filled using belt/ bucket or elevator or tubular conveyors at incline
<25 Deg.
Elevated filter discharge directly into hopper
Dump boxes drop off and picked up using self loading vehicles
Long distance transport in tank body trucks
Explosive gas ventilation considerations

C O O O

3. Guidelines for Sewage Sludge Pumps/ Valves & Fittihgs IAW para.5.7, Tables 14 & 16.

4. COE WES Primary Emphasis for Dredged Material Transport is on Spill/ Leak Prevention:
o Pipeline routes, climatic conditions, material cres. resistance, safety device redundancy,
" coupling methods and systems for leak detection
0 Scow/ barge transport controls to prevent spread of contaminated material, focused on
loading/ unloading, fugitive emissions, route and navigation hazards, decontamination of
equipment, and use of flexible connections to reduce possibility of pipe damage.
o Truck/ Rail transport controls similar to scow/ barge
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I PCRMLANENT RAES PUBLISHED 1
N THE NETS'
f§ BY AGOWES OF THE FEDERAL |

HAZARDOUS WASTE:
EMPLOYEE TRAINING FOR
HANDUNG (2900°R 1910.120)

WORKERS, SUPERWSORS, AND
MANACERS SHALL RECOVE A MR
OF 40 HOURS OF INSTRUCTION
OFFSIE AMD A MBNAAN OF 3 DAYS
ACTUAL FIELD DPENENCE UNOER
OWECT SUPERVSION OF A TRAMED

N ACCORDANCE WT™H
TOTR 1910.1209.

[185] [

(EMPLOYER) INSTITUTE A MEDICAL
SURVERLANCE »
ACCORDANCE W 29C°R 1910.1201.

(0] ¥

DEGREE OF EDXPOSURE LIKILY N
ACCORDANCE WMITH 1910.1200,

(2051 1L

WRANSPORTATION OF HAZARDOUS
WASTE YO PORT

(2551  §

APPLY AND ORTAN AN [PA DJ
FOR TRANSPORTER 8Y USING EPA
FORM B700-12

[260] 1

(COMERATOR) FILL OUT HAZARDOUS
WASTE MAMFEST M ACCORDANCE

1S EPA FORM 8700-22

[265]

MARK MAZARDOUS WASTE PACKACES
N ACCORDANCE MM 49CFR 172.300
(SUBPART D).

[270] 1

LABEL HAZARDOUS WASTE PACKACES
M ACCORDANCE WTH 49CFR 172300
(SUBPART €)

LOAD HAZANDOUS MATEMALS OM
VOOLE N WIH WE
GONERAL REQUIADMENTS 4 40CFR
177834,

WM _SPECFC
49CFR 177.835-177.042.

[285] l

ROER FO 40CFR 177.848 FOR
SFORMATION OM SECRECA NON
& SEPARATION OF HAZARDOUS
WATERIALS.

[250] J

REFER TO 49CFR 177.833-177.061
FOR GENERAL/SPECIIC INFORMA IO
ON DISABLED VEHICLES/ACCIDENTS,

49 CFR USTS GENERAL AND
PERMANENT RULES PUBLISHED 1
.un:mnorn:asrm '

ACCORDANCE WITH 49CFR 170.24.

[310] [

PREPARE CIRTWICATE W
ACCORDANCE WITH 49CFR 178.27,

[315] l

FILL OUT DANGEROUS CARCO
MANFEST N ACCORDANCE WITH
49CFR 176.30.

SO S

)
} 'S HAZARDOUS WASTE TO BE
AINERIZED

‘B.LK

HAVE ON HAND

THOSE THAT HAVE BECOME LOS
ocuoogs: APERS/
MANFEST) A

STOWALE.
REQUIRDMENTS 49CFR 178 SUBPART C,

[340] 1

FOLLOW GENERAL STOWAGE REQUIRE-
MENTS N 40CFR 176 SUBPARY C.

[3¢s] J

L-—--- -

(365] s

CARRIAGE OF SOUD M

MATERIALS N 4

PARY 148,

[370] I

MA

USTED N 4

SELF PROPELLED
N 46CFR PART 151,
[395) l

AB]
SELF PROPELLED VEY

g
g
;
s




SRID HAZARDOUS MATORAL
CARGOCS USTID N 45 CFR
143.01-7 MAY BE TRANSPORTED
N BULX ON BOARD VESSELS.

[

375) {

A SPECQAL PORMT TO TRANSPORT
SOUD HAZARDOUS CARCO NOT
USTED ¥ 46CFR 148.01-7 MUST
BE SUBMITIED TO THE US COAST
GUARD AND MUST CONTAN
INFORMARON USTED N 45CFR
148.01-9.

[

s80] J

N 48O PART 151,

(

395] )

UQUID RAZARDOUS MATERIAL:
USTED N 46CFR 151.05 MAY
BE TRANSPORTED ABOARD NON-
SEOF PROPEOLLED VESSELS.

(

s00) J

SPECIAL PERMISSON FROM THE
US COAST QUARD COMMANDANT
IS NEEDED TO TRANSPORT N
BULX UGUID WASTE NOT UISTED
N 460R 151.05.

(

405] l

COMMANDANT WAY APPROVE

IN 46CFR PART 158,

(

410] ] ]

(FUTURE) [455]

FITET T

/FRL MATERAL,
rORS PROCEDURES ARE USTED
N AOCFR. CLEAN WATER ACT ALSO

OF SEWAGE
BUT THAT SECTON WAS MULLFED 8Y
RE OLABTING BAN,

DUMPING CONVENTION, THIS PROJECT 15
SUBECT TO REGAATIONS OF EPA.

{490] ,l,

SHFR 9248 (STANDARDS FOR THE USE
AND OF SEWACE SLUOCE)
STATES THAT NO EPA STANDARDS ARE
ESTABUSHED FOR THE OCEAM DISPOSAL
OF SEWACE SLUDCE. THIS IS
KEGULATED BY WPRSA (1908 OCEAM
DUMPING  BAN T).

|

[495]

AND BOUNDARKES.
2. STATEMENT WHETHER SITE HAS
PREVIOUSLY BED¢ DESIGNATED FOR

USE
3 F STE HAS NOT PREVIOUSLY BEEN

DISTRICT ENGINEER OR HIS/HER
REPRENNTATIVE FORWARD'S
APPUCATION TO AN ADMINESTRATOR
oF nE DPA

1,000.0
000.0
AT ONy




[555]

CRTOUA FOR EVALUATION OF OCEAM
DISPOSAL PERMITS (40CFR PART 227).

SOLUBLE IN WATER.
2. RADIOACTIVE MATERIALS OTHER
THAN PROHIBXTED N 40OFR 227.5.

[590] 1

QUANTITIES OF MATERIALS DUMPED

TERM
(40CFR 227.9)

[595] 1

WASTES AND SITES SHOULD NOT
WNTERFERE WMTH NAVIGATION AND
FISHING (40CFR 227.10).

c = W

| ZONE |REV |

. TEMPORARY

WATER QUALITY REDUCED TO
AMOENT REACHING BEAOH,
SHOREUNE, MARINE SANCTUARY,
OR FISHERY, .

3. SIZE OF SITE UMTED
TO POCMT EFFECTIVE WOM TORING
AND SURVELLANCE.

EASE.

8. MDANG, AND
HORIZONTAL TRANSPORT
CHARAC

7. QURREN

&N WTH

SHIPPING,
9. BASEUNE WATER QUAUTY AND
ECOLOGY,
10.POTEXRAUTY OF NUISANCE
SPECES.
11.CLOSE PROXAMITY TO FEATURES
OF HISTORICAL RPORTANCE.

[655) L

SEWAGE SLUDGE AND
MUNIIPAL INGNERADON ASH

[660]

OREDCED MATERAL




| ZONE |REV|

DESCRIPTION

DATE

APPROVED

R FISERY,

ZE oF SITE LMTED
O POCAT EFFECTIVE MOM TORING
WD

3. F IT CAUSES DEGRADATION TO
US WATERS.

. UNLESS STEPS HAVE BEEN TAKEN
TO MINBEZE POTENTIAL
ADVERSE EFFECTS.

EVALUATION AMD TESTING OF
MATORAL (40CFR 260 SUBPART G)

uommwmums
MEEDED F
IWG'PARMBUSZE>

2 Usto

3. SAME N DU JTE

4. SITE HAS NO HISTORICALLY KNOWN
SOURCES OF POLLUNION.

nowsmccrmumls
NEEDED ¥
lm\tmnsuvsmmuvs

GUIDANCE IN DE TERMINING n:snc/
40CFR 230.61.

u»w;uur nwmac. RECOMD'S,
AMD REPORTS FOR DISPOSAL SITES
(co:n ru«r 2z8).

J. CONDUCTING SITE EVALUATION
AND DESICNATION STUDKCS.

4. RECOMMENDNNG MCOFICATIONS N
SITE USE.

[720]

OF NOMTORNG IS

BASELUNE CONDITIONS,

FREQUENT ENQUGH TO ASSESS
E“?c" OF ENVIRONMENTAL

2. SPECIAL STUDES CONDUCTED BY
THE PERMTTEES TO DENTFY
BASOIATE AND SHORT TErd
EFFECTS.

[745] T

DXSPOSAL
MMPACT IS EVALUATED 8Y EPA
AW 278.10.

[750] T

BASED ON INPACT OF W_
EPA ADMINISTRATOR MA
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(80]

WASTE 13 NOT HAZARDOUS 8UT
SWL MAY BE COMTAMINATED.

[90] 1

SUISENG MMICPAL WASTE SHNALL
MOT BE RECULATED BY £PA

ACMBESTRATOR PURSUAN
S0LD WASIE DISPOSAL ACT.”

[95] J

o) §

4OCFR 240.208-3 F RESOUE/
FLY ASH IS COLLECTED N A
| WET CONDITION, (¥ SHORD BE

CONTAMINANT UISTED IN TABLE TOXC: -
llmau.:auouum 1 PREPARATION AND PACKAGING
'mvmmsw(mx- ﬁms:ist%stmu

nwoww:mucuwu; 101,

e PR U € AR T

REQUIREMENTS ARE US¥ED
N 49CFR 172101 (TARLE).

[115]

CORROSIVE:

PREPARATION ND PACKAGING
FEQUIREMENTS US¥ED N
49CFR 172.10% (I'A&.[)

[120]

REACTIVE:

THESE WASTES ARE USTED BY
EOTHER CHEOMICAL OR GENERAL
CATEGORY (EGC WATER REACTVE)

N TABLE $172.101. PREPARATION
AND PACKAGING REQUIREMENTS ARE|
ALSO USTED ON THE TABLE.

SEWAGE RLUDGE

[135) 1

(M0 ~HDBX - 1005/8) ONE OF THE
FOLLOWING SHOWLD BE

Sngmma: poee
a

mmma-mmnmmm

(es] J

W _WOMITORING IS
FERFORM ™
Z9CFR 1910.120n.

[zo0] J

™

(205] ,l,

HANDLE DRUMS (F APPUCAGLE) N
ACCORDANCE WTH Z9CFR 1910.120}

[z0]  J

DECONTAMINMATE ™ ACCORDANCE
WTH 20CFR 1910120k

[215] ‘I,

wmem AT WORK ’t’:"

ACCORDANCE WTH Z9CFR 1910.120mdn.

[220]

DREDGED MATERIAL

[225] §

PRMARY TRANSPORTATION METHODS
USED TO MOVE DREDGED MATERIAL:
m&m&mma

PRMARY EMPHAQIS IS ON

gwumwammu

[230] §

PWPEUNE TRANSPORT:  DURING
CAREFULLY CONSIDER PPELINE

REDUNDANGCY OF SAFETY DEVICES,
COUPUNG METHOOS, AND SYSIDIS
TO DETECT LEAKXS.

(2351 [
TR T

ROUTE AND NAVIGATION HAZARDS




gmm)mm
TROLS, WORK PRACTICES, AND
PERSONAL PROTECWVE EQUIPMENT
m-mmmmm

[195] T

¥ _HOMTORING IS MECESSARY
M ACCORDAMCE WTH
200N 1910.4208,

[200] I

(ﬂl'ltm:!g a' AN u'ul-

w‘ »ommm
TO PFORM THEM OF THE LEVEL AND
DECREE OF DPOSUFE LELY N .
ACCORDANCE WTH 1910 8200

[205] I

HANDLE ORUMS (IF APPUCAGLE) ™
ACCORDANCE WTH Z9CFR 1910.120)

[210] 1

OECOMTAMBATE N ACCORDANCE
W™ 200N 1910.120k,

[215] 1

Wm{m AT WORK ,K‘l?‘
ACCORDANCE

WH Z90R 1910.120mdn,

USED TO MOVE DREDGED MATERIAL:

SPUNEAK PREVENTION.

PRIMARY TRANSPORTATION METHODS

PWPELINES, BARGES, 9COWS, TRUCKS,
AND RAIL. PRIMARY EMPHASIS IS ON

REFER TO 49CFR 177.833~177.061
For INFORMATION
ON DISABLED VEHICLES/ACCIDENTS.

QUSHERS, HAZARDOUS MATERIALS
NEED NOT BE STOWED IN THE MANNER
STATED N THE PREVIQUS BOX.

FOLLOW GENERAL STOWAGE REQUIRE - COMMANDANT MAY APPROVE
MENTS N 49CFR 176 SUBPART C. VESSELS OF NOVFL DESICN

[345]

SPECGAL REQUIREMENTS
FOR BARGES N 49CFK 176.90 F
APPUCABLE.

[355] LOCATED W TABLE 151.05.

(420  J

CARGO
NIUSTmwaHJ

[425] 1

A6CFR 151,15 USTS VARIQUS
TANK TYPES, CONSTRUCTION,

REQUIREMENTS
£ TRANSPORT OF LIQUIDS N BULX

LOAD AND STOW HAZARDOUS WATERALS

w
8
g
3
ad
)
"5

ENVIRONMENTAL CONTROL N THE
FORM OF CARCO PROTECTION
REQUARED IS IN 48CFR 131.29

[440) 1

PORTABLE FIRE EXTINGUISHERS
¥ RECUIRED IN 45CFR 15105
SHALL BE INSTALLED N
ACCORDANCE WMTH 46CFR 154,30

O

REQUREMENTS FOR OPERATIONS
OF BARGES CERTWED AS TANK
m‘SI ‘53 ARE USTED N 45CFR

.---.-I-----..----*.-.-..-I‘

ROLITE ANND NAMCATN HATADNS

ANDY
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{400] l

SPECIAL PERMISSION FROM THE
US COAST GUARD COMMANDANT
IS NEEDED TO TRANSPORT N
BULK UQUID WASTE NOT USTED
N 46CFR 151.05.

(a05]  §

COMMANDANT MAY APPROVE
VESSELS OF NOVEL DESKN

BOTH NEW AND FOR CONVERSION
W IT IS SHOWN THAT VESSEL

IS SAFE AND MEETS STANDARDS
N 46CFR PART 151,

410] ",

CERTIICATION AND INSPECTION

W UNMANNED BARCES ARE
LOCATED N TABLE 151.05.

a0]  J

REQUIREMENTS FOR CARGO
SEPARATION FOR CARGO TANKS,
CARGD PYWANG, AND CARCO VENTS
ARE USTED N 48CFR 151.13.
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46C7R 15115 USTS VARIOUS R
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HAZARDOUS MATERIALS. "
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430} ",

ENVIRONMENTAL CONTROL N THE
FORM OF CARGO PROTECTION
REQUIRED IS IN 40CTR 131.23

440] L

Pmrmzmzm
¥ REQUIRED M 45CFR |5|(B

SHALL BE INSTALLED N

ACCORDANCE WITH 45CFR 151.30

45] l

REQUIREMENTS FOR OPERATNONS
OF BARGES CERTWIED AS TANK
ms ARE USTED N 46CFR

450] 11

SPEQAL REQUIREMENTS FOR
CERTAIN BULX HAZARDOUS
UOURD CARCOES ARE N
46CFR 151.50.

eesasnvhesseusnnnn

ON ANNEX | AND RESTRCTS
DUMPING OF MATERIALS ON ANNEX
DUMPING

DUMPING COMVENTION.
SUBMECT TO REGURATIONS OF EPA.

{490] l

SUFR 9248 SYM FOR THE USE
AND OF SEWACE SLUDCE)
gAYES THAT NO EPA STAMDARDS ARE
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29CFR Port 1910. Labor. Department of Labor.
Published by Office of the Federol Register.
July 1, 1992

40CFR Paorts 190-259. Protection of the Environment.
Environmentol Protection Agency. Published by
Office of the Federal Register. July 1, 1993,

40CFR Ports 260-299. Protection of the Environment.
Environmental Protection Agency. Published by
Offece of the Federal Register. July 1, 1992,

46CFR Poarts 140-155. Shipping. Deportment of
Tronsportation, Coast Guord. Published by
Office of the Federal Register, October 1, 1993.

49CFR Parts 100-177. Tronsportotion. Department of
Tronsportation. Published by Office of the
Federa!l Register. October 1, 1993,
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Sludge. Environmental Protection Agency. Federol
Register Vol. 58, No. 32. February 19, 1993.

Cleon Woter Act of 1977, 33 U.S.C. Public Low 95-217.
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Cullinone, John M. Jr., Doniel Avorett, Richord A.
Shafer, Clifford L Truitt, Mork R. Brodbury, ond
Jomes W. Hole. Alternatives for Control/Treatment
of Contominated Dredged Moterial. Published in
Contominated Morine Sediments——Assessment ond
Remediation. National Academy Press Washington, DC.
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London Dumping Convention of 1972 with omendments to
Annexs’l—lIl dating to May 1990,

Morine Protection, Reseorch, ond Sonctuories Act of 1972,
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[590] 1:

QUANTITIES OF MATERIALS DUMPED
SHOULD BE UMITED TO PREVENT LONG
TO THE ENVIROMMENT.

TERM_DAMAGE
(40CFR 227.9)

[ss5]

WASTES AND SITES SHOULD NOT
INTERFERE WITH NAVICATION AND
FISHING (40CFR 227.10).

(600] 1

WASTES ogtr»oum SOLELY FOR

AND EXPEC oN
MPACT MUST MEET Km N
Z27.8-227.10.

[605] 1

REQUMREMENTS FOR OTHER CON—

TANERIZED WASTE (40CFR 227.11):

1. MATERALS DECAY/DECOMPQSE
NNOQUOUS FORMS WITHN LFE
DXPECTANCY OF CONTAINERS.

2. ONLY SHORT TORM LOCAL EFFECTS
WL OCCUR

t ef'.

LOCANIONS WHERE THEY wal

nvironment, CAUSE NO THREAT TO MAMGATION,
ed by FISHING, SHORELINES, & BEAGHES.
993. [610] 1—
nvironment.
ed by (40CFR 227.12) F WASTE COMTANS
INERT NATURAL MINERALS OR
1992. MATERIALS COMPATIELE WITH OCEAN
ENVIRONMENT, ITS GENERALLY
t of APPROVED F i1 1S INSOLUBLE ABOVE
APPUCABLE TRACE UMINING
by CONCENTRATIONS, SETTLEABLE, AND
1, 1993 HAS PARTICLE SIZE AND DENSITY 50
* ) THAT WOULD SE DEPOSITED,
WTHOUT DAMAGE. PERSISTANT
tment of SYNTHETICS WL NOT BE APPROVED
A UNLESS CAN B PROCESSED SO
THEY WILL SINK AND REMAN N
osol of Sewoge [615] 1
. Federal (
993.
EVALUATION CRITERIA:
Low 95~217, FOR OCEAN DUMPING
brd A. [620] l
ry, ond
Treotment u:m FOR %"4"’& ‘r&; -3
ished in (40CFR 227.15)
ent and 1 m“g{w&av NEXDED
shington, DC. 2 B ST Du;m

Tmendments to

s Act of 1972,
ter 27.

BASED UPON EVALUATION N PREVOUS
BOX, EPA ADMINISTRATOR WAL
CONSIDER {400FR 227.16)

Sediment
he Sediments——
cademy Press

G REGULATORY

ARMY CORP OF
REGULATORY f“_;} CONTRACT NO.

94-6009 { [ 4 @

B (1 N0O0O14—94—-C—6009 -




[695] PERTIMENT TO JITE DFSPOSAL,
MPACT IS EVALUATED BY EPA
1AW 278.10.

[750] l

ACCEPTADLE LEVRLS AMD PREVENI 1 [T '
CONTAMINANTS FROM SEING
oF ST
USING MOM TORING PROGRAMS
‘ L S0CFR 2289 AMO OTHER DATA

[760] r

EACH PERMTITE SHALL MANTAN

COMPLETE RECORDS OF THE FOLLOWNG

:’&UAW (SOCFR 224.1)
CHARACTERSSTICS OF MATERIAL
BENG DUMPED.

2 PRECISE TMES ALOCANONS OF
DUMPING,

3 ANY OTHER INFORMATION REQUIRED
AS A CONDINON OF PORBMRT.

[765] 1

SEDMENT QUALITY BY CHRISTORHER
LARBA.

(40CFR 224.2):
1. EACH ¢ MONTH POUOD FOLLOWNE

TTFECNVE DATE OF PERMIT,
2. DXCPIRATION OF PERMIT,

[780] l
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IS NOT HAZARDOUS BUT
STRL MAY BE CONTAMBATED.

[85]

ASH FROM MASCIFAL J0LID
WASTE INCOMERA NON

TS A PORCOD OF
I YEARI AFTER THE DATE OF
oF AR AMEND—
MDMTS OF 1990, ASH FROM SOLD
TE ats

ool J

40CFR 240.208~% F RESIOUE/

SEWAGE SLUDGE

5] J

(MIL.-HDBX -1003/3) ONE OF THE
FOLLOWING METHODS SHOULD BE
USED FOR LOADING SLUDGE CAKE
ro:tmmrmmm

s.

1. BLEVATED STORAGE HOPPER WTH
aw“rﬂﬂstl‘)&‘mf'
BUCKET, ELEV, OR TUBULAA
CONVEYORS WTH A

MUST BE WELL VENTRAND,

[145] I

Lll.dm(-lm/a PUMPING~
ARACRAPH 8.7, T 14,
AND TABLE 16 LIST

[220]

DREDGED MATER

.~

T .

pos




: ENVIRONMENTAL CONTR(
FORM OF CARGO PROTE
] REQUIRED IS N 46CFR
|
B |
n [440] l
a
]
™ PORTABLE FIRE EXTING
¥ REQUIRED N 460FR
(220] a SHALL BE INSTALLED ®
n ACCORDANCE WTH 46C]
b . ‘
u (4s5] ]
DREDGED MATERAL [ ]
[ ]
B REQUIREMENTS FOR 0Pt
OF BARGES CERTWED A
[225] n BARGES ARE USTED W
] 151,45
L ‘
TRANSPORTATION METHOD'S
USED TO MOVE DREDGED MATERIAL: R [450] . l
PWPELINES, BARGES, SCOWS, TRUCKS, |
AND RAIL PRIMMARY DIPHASIS IS ON n
n
CERTAN BULK HAZARDX
] UGUID CARGOES ARE I
[230] n SECR 15150,
. L
T - e ma
OESIGN PHASE, PLANNERS SHOWLD H
CAREFULLY ™
ROUTES, CUMANC CONDI Hl n
CORRGSION RESESTANCE OF MATERIAL, L[] . -
REDUNDANCY OF SAFETY
METHODS, AND STSTEMS B ]
TO DETECT LEAKS. ] u
(23] ‘ Seswnssunuaneennnsunfin;
SCOW, TRANSPORT:  CONTROLS
PREVENT SPRCAD OF CONTAMNATED
MATERIAL ARE FOCUSED OM LOADING/
, FUGTIVE
ROUTE AND NAVIGATION HAZARDS, AND
DECONTAMMNATION OF EQUIPMENT,
CNIONS FROM DREDCE
TO BARGE WL ™
POSSIBILITY OF PIPE DAMAGE.
[240]
TRICK /RAL T: CONTROLS
PARALEL THOSE FOR SCOW/BARCE
TRANSPORT,  WOGHT RESTRICRONS,
ROUTING, LOSS B4 TRANSPORT, LOADING,/
- -




ENVIRONMENTAL CONTROL N THE
FORM OF CARCO PROTECTION
REQUIRED IS IN 48CFR 131.23

T

PORTABLE FIRE EXTINGISHERS
¥ RECUIRED M 45CFR 151.05
SHALL BE INSTALLED N
ACCORDANCE WTH 46C°R 151,30

1

REQUIIEMENTS FOR OPERATIONS
OF BARGES CERTWIED AS TANK
BARGES ARE USTED W 46CFR

T

SPECAL REQUIREMENTS FOR
CERTAIN BULK HAZARDOUS
UQUD CARCOES ARE N
45CFR 150.50,

{440]

[445]

[450]

---f

l............*....l..l..

Cleon Water Act of 1977. 33 U.S.C. Public Law 95-217.
1988 Edition. Ports 1293-1362.

Cullinone, John M. Jr., Daniel Avorett, Richord A.
Shafer, Clifford L. Truitt, Mark R, Brodbury, ond
Jomes W. Hole. Alternatives for Control/Treatment
of Contominated Dredged Materiol. Published in
Contominated Morine Sediments——Assessment and
Remediation. Notionol Academy Press Washington, DC.
1989.

London Dumping Convention of 1972 with omendments to
Annexs’l-lil doting to May 1990.

Morine Protection, Research, ond Sonctuories Act of 1972.
1988 Edition, Public Low 93-532. Chopter 27.

Zorbo, Christopher. Notional Perspective on Sediment
Quality. Published in Contominoted Marine Sediments——
Assessment ond Remediation. National Academy Press
Washington, DC. 1989,
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-

START; FINISH

CODE OF FEDERAL
REGULATIONS
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DESCRIPTION SPECIAL ARMY CORP OF
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SUPPORTING REGULATORY

L]

YES; NO

TOP LEVEL
REGULATORY

CRITERIA

NOOO14-94-6009
@ TASK 2 TOP LEVEL

ENGINEERING ANALYSIS

OBXECTIVES

CRITERIA

NOTES:

[
[2]

WASTE IS CONSIOERED TO BE HAZARDOUS F
IT DHIBITS ANY OF THESE GENERAL CHARACTERISNICS

“ALTERNATIVES FOR CONTROL TREATMENT OF
CONTAMINATED DREDGED MATERIAL®
US ARMY ENGINEER WATERWAYS EXPERIMENTAL STATION

o s e oo

o i e ey




att, Richord A.

R. Bradbury, ond

- Control/Treotment
riol. Published in
i——Assessment and
Press Washington, DC.

'2 with omendments to
sonctuaries Act of 1972,
‘2. Chopter 27.

«ctive on Sediment

ted Marine Sediments—-—
iational Acodemy Press
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SPECIAL ARMY CORP OF
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ENGINEERING ANALYSIS
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ARDQUS F
AL CHARACTERISTICS

\TMENT OF
PERIMENTAL STATION

BASED UPON EVALUATION N PREWOUS
BOX, EPA ADMINISTRATOR WiLL,
CONSIDER (40CR 227.18):

2 RECREATIONAL FISHING IN OPEN
OCEAN AREAS.

3. COMMERCIAL. NAVIGATION,

4. RECREATIONAL NAWGATION.

S. ACRUAL/ANTICIPATED EXPLOITATION
OF UVING MARINE

S.
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[780] J,

REPORTS OF EMERGENCY DUMPING
ARE FRED I ACCORDANCE WITH
40CFR 224.20.

es] 4

(FINISH)
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A. MARCY
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